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® Method of testing spliced portion of optical fibers. 

© In a method of testing a spliced portion of ex- 
posed fiber portions (I0i) and (IO2) of optical fibers, 
the optical fibers are arranged with each other in line 
so that ends of the exposed fiber portions are 
spaced apart from each other by a predetermined 
distance. The ends of the exposed fiber portions are 
heated and melted by discharge heating. The optical 
fibers are then moved in the abutment or closing 
directions by a predetermined distance, so that the 
ends of the exposed fiber portions abut against each 
other to form a spliced portion. The minimum outer 
diameter value d of the spliced portion is measured. 
Ratio d/D of minimum value d to value D of the outer 
diameter of exposed fiber portion is calculated. 
Spliced portions having splicing defects can be de- 
tected by detecting of spliced portions having ratio 
d/D of less than 1 (d/D < 1). That is, spliced portions 
having ratio d/D of less than 1 (d/D < 1) are re- 
garded as splicing defects. 
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Method of testing spliced portion of optical fibers 



The present invention relates to a method of 
testing a spliced portion of optical fibers spliced by 
fusicn-splicing so as to eliminate defective pro- 
ducts having large splicing losses at the spliced 
portions. 

Optical fibers can be spliced by fusion-splicing 
as follows. Two optical fibers are aligned such that 
the mating ends of the exposed fiber portions op- 
pose each other and are spaced apart from each 
other by a predetermined distance. The ends of the 
exposed fiber portions are heated by, e.g., dis- 
charge heating. When the ends of the exposed 
fiber portions are melted, the optical fibers are 
pushed toward each other by a predetermined dis- 
tance so that the ends of the exposed fiber por- 
tions abut against each other. These ends are kept 
heated until they are completely fusion-spliced. 
Products having large splicing losses which are 
regarded as defective products often result from 
fusion-spiicing. Splicing defects are found when 
light is transmitted through the fusion-spliced op- 
tical fiber and its optical transmission loss is mea- 
sured. 

If spilcing defects are detected by transmitting 
a light through the fusion-spliced optical fiber and 
measuring the transmission loss, these operations 
are time-consuming and cumbersome. Systematic 
and efficient splicing operations of optical fibers on 
working spots cannot be expected. 

It is an object of the present invention to pro- 
vide a method of testing a spliced portion of optical 
fibers, wherein a spliced portion having a large 
splicing loss can be easily detected, and system- 
atic and efficient splicing operations on optical fiber 
installation spots can be ensured. 

According to the present invention, there is 
provided a method of testing a spliced portion of 
optical fibers, comprising the steps of: 
aligning in line a pair of optical fibers with a pre- 
determined distance therebetween so that ends of 
exposed fiber portions of the optical fibers are 
opposite to each other; 

heating and melting the ends of the exposed fiber 
portions; 

pushing the optical fibers toward each other by a 
predetermined distance so that the melted ends of 
the exposed fiber portions abut against each other 
to form a spliced portion; 

measuring a minimum value of an outer diameter 
of the spliced portion; and 

calculating a ratio of the measured minimum value 
to an cuter diameter of the exposed fiber portion of 
the optical fiber. 

According to the present invention, there is 
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further provided a method of testing a spliced 
portion of optical fibers, comprising the steps of: 
aligning in line a pair of optical fibers with a pre- 
determined distance therebetween so that ends of 
s exposed fiber portions of the optical fibers are 
opposite to each other; 

heating and melting the ends of the exposed fiber 
portions, while pushing the optical fibers toward 
each other by a predetermined distance so that the 
70 melted ends of the exposed fiber portions abut 
against each other to form a spliced portion; 
measuring a minimum value of an outer diameter 
of the spliced portion; and 

calculating a ratio of the measured minimum value 
/s to an outer diameter of the exposed fiber portion of 

the optical fiber. 

This invention can be more fully understood 

from the following detailed description when taken 

in conjunction with the accompanying drawings, in 
20 which: 

Figs. 1A to 1C are views each showing a 
spliced portion of a pair of exposed fiber portions 
of optical fibers fusion-spliced or to be fusion- 
spliced: 

25 Figs. 2A and 2B are views each showing a 

spliced portion of a pair of fusion-spliced exposed 
fiber portions of optical fibers; 

Fig. 3 is a view showing a fusion-splicing 
apparatus used to fusion-splice a pair of optical 

30 fibers; 

Figs. 4A to 4D are views showing a pair of 
exposed fiber portions of optical fibers and the 
associated members, at respective steps in fusion- 
splicing the exposed fiber portions; 

35 Fig. 5 is an enlarged view of X and Y images 

of the exposed fiber portions displayed on a moni- 
tor screen shown in Fig. 3; 

Fig. 6 is a view showing a pair of ribbon 
optical fibers to be fusion-spliced; 

40 Fig. 7 is a histogram of splicing losses of 

spliced portions which are obtained on the basis of 
experimental results of fusion-splicing of a plurality 
of ribbon optical fibers; and 

Fig. 8 is a graph showing characteristic 

45 curves each showing a relationship between an 
outer diameter ratio (a ratio of minimum outer di- 
ameter value d of a spliced portion to outer diam- 
eter D of an exposed fiber portion) and the splicing 
loss on the basis of experimental results of fusion- 

50 splicing of a plurality of ribbon opticaJ fibers. 

Causes of splicing defects are. initial axial-dis- 
placement of exposed fiber portions of optical fi- 
bers to be fusion-spliced or distortion of a core of 
each exposed fiber portion. The initial axial-dis- 

2 
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placement is defined as a displacement between 
axes of two exposed fiber portions 10i and 102 of 
optical fibers to be fusion-spliced, as shown in Fig. 
1A. When the axial-displacement is large, splicing 
defects occur. However, if the axial-displacement is 
10 urn or less (this axial displacement rarely ex- 
ceeds 10 am if a current fusion-splicing apparatus 
is used) and a discharge heating time is given as 
about 15 seconds, the configuration of the exposed 
fiber portions can coincide with each other by a 
surface tension of melted glass, thereby correcting 
the axial-displacement. Therefore, the initial axial- 
displacement of 10 urn or less need not be taken 
into consideration for splicing defects. Therefore, 
loss caused by such an axial-displacement can be 
neglected. 

Core distortion is a phenomenon wherein cores 
12« and 12 2 at a spliced portion shown in Fig. 1B 
or '1C are bent. Core distortion often occurs when a 
large initial axial-displacement of 10 urn or more is 
present. More specifically, when the large initial 
axial-displacement of 10 urn or more is present, 
the displacement is eliminated by subsequent heat- 
ing and melting, but cores 12i and 12 2 are sepa- 
rated from each other, as shown in Fig. 1B. Such 
core distortion, however, does not cause a large 
splicing loss in a 1.3 urn wavelength optical fiber. 

However, core distortion of such a type as in 
exposed fiber portions 10i and IO2 of Fig. tC, 
wherein cores 12j and 12 2 are bent at a spliced 
portion, though no axial-displacement occurs, 
causes a large loss. 

When core distortion shown in Fig. 1C is de- 
tected, a spliced portion having a large splicing 
loss can be detected. 

The core distortion shown in Fig. 1C occurs 
due to the following mechanism. If pushing 
amounts, i.e., pushing distances, of a pair of ex- 
posed fiber portions 10i and 10 2 are not sufficient 
to fusion-splice optical fibers, the outer diameter of 
abutment portion 14 of the spliced portion is small, 
as shown in Fig. 2A. In other words, the minimum 
value of the outer diameter of the spliced portion is 
small. If such a small-diameter portion is present 
and then heating continues 10 seconds or longer 
after completion of pushing, melted glass flows in 
the small-diameter portion by the surface tension. 
Therefore, cores 12i and 12a of the spliced portion 
are bent, as shown in Fig. 2B. 

The present invention provides the following 
method of testing a spliced portion. Exposed fiber 
portions 10i and 10 2 of optical fibers are arranged 
with each other in line so that ends of the exposed 
fiber portions are spaced apart from each other by 
a predetermined distance. The ends of the ex- 
posed fiber portions are ; heated and melted by 
discharge heating or the like. The optical fibers are 
then moved in the abutment or closing directions 



by a predetermined distance, so that the ends of 
the exposed fiber portions abut against each other 
to form a spliced portion. The minimum outer di- 
ameter value d (outer diameter of abutment portion 

5 14) of the spliced portion is measured. Ratio d/D of 
minimum value d to value D of the outer diameter 
of the exposed fiber portion (i.e., the outer diameter 
of the exposed fiber portion, which is measured 
before heating, or the outer diameter of the ex- 

10 posed fiber portion spaced apart from the heated 
portion, which is measured after heating) is cal- 
culated. Spliced portions having splicing defects 
can be detected by detecting of spliced portions 
having ratio d/D of less than 1. That is, spliced 

75 portions having ratio d/D of less than 1 (d/D < 1) 
are regarded as splicing defects. 

When actual experiments were conducted, out- 
er diameter ratios were found to almost correspond 
to loss values (to be described later). 

20 Splicing losses caused by a shortage of push- 

ing amounts pose problems, in especial, in fusion- 
splicing of ribbon optical fibers. If exposed fiber 
portions of ribbon optical fibers are cut at different 
lengths, e.g., if one of the exposed fiber portions is 

25 shorter than the remaining exposed fiber portions, 
the longer exposed fiber portions interfere with 
pushing to the shorter exposed fiber portion to 
result in a shortage of the pushing amount to the 
shorter exposed fiber portion. Therefore, core dis- 

30 tortion shown in Fig. 1C tends to be formed in a 
spliced portion of the shorter exposed fiber portion. 
In this manner, core distortion shown in Fig. 1C 
tends to occur due to differences in length between 
the adjacent exposed fiber portions. For this rea- 

35 son, the method according to the present invention 
in which splicing defects caused by such core 
distortion are easily detected, is particularly effec- 
tive in testing of spliced portions of ribbon optical 
fibers. 

40 Minimum outer diameter value d is generally, 

preferably measured before a surface tension of 
the exposed fiber portion occurs, and preferably 
performed 0.5 to 2 seconds after the start of arc 
discharge. The reason for this is that the exposed 

45 fiber portions will abut against each other when 
about 0.5 second has passed from application of 
an arc. and a surface tension will not occur within 
about 2 seconds from application of an arc. How- 
ever, the time period will change according to 

50 various parameters of fusion-splicing, for example, 
the strength of discharging arc. the size of the 
fiber, or the distances between the fiber and the 
discharging electrodes. 

Diameter D of the exposed fiber portion is also 

55 measured by an observation apparatus. Spliced 
portions having ratio d/D of less than 1 are es- 
timated as ones having large splicing losses. Outer 
diameter D of the exposed fiber portion may be 
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measured prior to heating. 

An embodiment of the present invention will be 
described with reference to Fig. 3. Figs. 4A to 4D, 
and Fig. 5. Fig. 3 is a perspective view showing an 
overall arrangement of a fusion-splicing apparatus, 
Figs. 4A to 4D are views showing testing steps 
according to the method of the present invention, 
and Fig. 5 is an enlarged view showing X and Y 
images of exposed fiber portions displayed on a 
monitor screen shown in Fig. 3. 

In this embodiment, the present invention is 
applied to ordinary single optical fibers. 

The protection jackets are removed from those 
ends of a pair of optical fibers, which are to be 
fusion-spliced. Exposed fiber portions 10i and IO2 
of the optical fibers are supported in V-grooves of 
V-groove members 20i and 20 2 to oppose each 
other in the Z direction (Figs. 3 and 4A). There- 
after, fcr example, an abutment rod, i.e., stopper 22 
(Fig. 4B» is located between exposed fiber portions 
10- and IO2, and fiber portions 10, and IO2 are 
moved close to each other in the Z direction until 
fiber portions 10i and IO2 are brought into contact 
with stopper 22, thereby setting an initial distance 
between fiber portions 1O1 and 10 2 . Stopper 22 is 
removed, and, as shown in Fig. 4C, an arc is 
generated by discharge electrodes 30i and 3O2 
arranged near the opposite ends of exposed fiber 
portions 10- and 10 2 . The opposite ends of fiber 
portions 10- and 10 2 are heated and melted. When 
the ends of fiber portions 10i and IO2 are melted, 
fiber portions 10- and IO2 are moved or pushed 
toward and abutted against each other (Fig. 4C). 
The heating and melting of the opposite ends of 
fiber portions 10? and 10 2 may be performed, while 
moving or pushing the fiber portions onto each 
other. The abutment or spliced portion of fiber 
portions 10^ and IO2 is displayed as images on 
monitor screen 38 of display unit 36 through micro- 
scope 32 and television camera 34 (Fig. 4D). In this 
case, if the axial direction of each fiber portion is 
given as the Z direction, an image (X image) ob- 
served In the X direction perpendicular to the Z 
direction and an image (Y image) observed in the Y 
direction perpendicular to the Z direction are dis- 
played on monitor screen 38 (Fig. 5). Minimum 
values of the outer diameters of spliced portions of 
the X and Y images are measured on monitor 
screen 38 by using a scale, and a smaller one of 
the measured minimum values is defined as mini- 
mum outer diameter value d which is used to 
determine a ratio to outer diameter D of the ex- 
posed fiber portion. Ratio d/D of the minimum outer 
diameter value d of spliced portion to the outer 
diameter D of the exposed; fiber portion is cal- 
culated. Diameter D may be measured before, dur- 
ing, or after fusion-splicing. If ratio d/D is less than 
1 (d/D < 1), it is determined that a splicing loss 



falls outside an allowable range. The corresponding 
fibers are determined as splicing defects. However, 
if ratio d/D is equal to or larger than 1 (d/D > 1), the 
splicing loss of the optical fibers falls within the 
5 allowable range. The resultant fiber product is de- 
termined to be a good product. 

As is apparent from the above description of 
this embodiment, according to the method of test- 
ing a spliced portion of optical fibers of the present 
10 invention, the following advantage can be provided. 
Optical fibers are pushed toward each other by a 
predetermined distance so that ends of the ex- 
posed fiber portions of the optical fibers abut 
against each other, and a spliced portion is formed. 
15 A minimum outer diameter value of the spliced 
portion is measured. Ratio d/D of measured mini- 
mum outer diameter value d to outer diameter D of 
the exposed fiber portion Is calculated to detect 
quality of the spliced portion. Therefore, the testing 

20 procedures can be simplified. 

Referring to Fig. 3, light source 24 is used to 
emit light beam Lxx onto microscope 32 through 
the spliced portion between exposed fiber portions 
10' and IO2 in the X direction. The X image is 

25 displayed on monitor screen 38 by this light beam 
Lxx. Light source 26 is used to obtain light beam 
Lxy which passes through the spliced portion of 
fiber portions 10i and IO2 in the Y direction and 
which is deflected in the X direction by mirror 28. 

30 The Y image of the exposed fiber portions can be 
displayed on monitor screen 38 by light beam Lxy. 

As described earlier, the splicing loss caused 
by a shortage of a pushing amount poses a prob- 
lem, in particular, when ribbon optical fibers are 

35 spliced. More specifically, when the lengths of ex- 
posed fiber portions of a ribbon optical fiber are not 
equal to each other, core distortion shown in Fig. 
1C tends to occur. Then, according to the method 
of the present invention capable of easily detecting 

40 splicing defects caused by core distortion, 64 ex- 
posed fiber portions of sixteen pairs of ribbon op- 
tical fibers were fusion-spliced, and their splicing 
losses were measured. For illustrative convenience, 
only one pair of ribbon optical fibers 1 10i and 1 10 2 

45 are illustrated in Fig. 6. Ribbon optical fibers 110i 
and 1 10 2 are arranged in a line so that ends of the 
exposed fiber portions 112n-112i* of optical fiber 
110i are opposite to ends of the exposed fiber 
portions 112 2 i-112 2 * of optical fiber 110 2 . Exposed 

so fiber portions 112,< and 112 2 <, 112t 2 and 112 22 . 
112,3 and 1 12 23 . and 112i* and 112 2 * are fusion- 
spliced, respectively, in this case, steps of fusion- 
splicing ribbon optical fibers are substantially the 
same as those of ordinary single optical fibers, and 

55 a detailed description and its illustration will be 
omitted. 

Each fiber used had an outer diameter of 125 
um, a core diameter of 9 am, a core.< cladding • 
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refractive index difference of 0.3%, and a transmis- 
sion loss of 0.5 dB/km when light having a 
wavelength of 1.3 urn was transmitted. 

Exposed fiber portions of one group of ribbon 
optical fibers were cut by a cutting apparatus hav- 
ing a cutting blade with an appropriate cutting 
angle and a cutting surface to prepare fibers having 
good cutting surfaces, and exposed fiber portions 
of the other group of ribbon optical fibers were also 
cut by a cutting apparatus having a cutting blade 
with an inappropriate cutting angle and an inappro- 
priate cutting surface to prepare fibers having in- 
appropriate cutting surfaces so as to compare the 
test results of the fibers having good and inappro- 
priate cutting surfaces. These exposed fiber por- 
tions were selectively combined to prepare 64 por- 
tions to be fusion-spliced. Outer diameter ratios d/D 
of the 64 spliced portions were calculated in the 
same manner as described above. Light was trans- 
mitted through the spliced portions of the spliced 
optical fibers to measure splicing loss values. 

The resultant splicing loss histogram is shown 
in Fig. 7. An average value of the splicing losses of 
the 64 spliced portions was 0.2 dB. the maximum 
value was 1.75 dB, and a standard deviation was 
0.37 dB. Hollow rectangular regions represent the 
numbers of spliced portions for d/D £ 1, while 
hatched rectangular regions represent the numbers 
of spliced portions for d/D < 1. The number of 
spliced portions for c/D ^ 1 was 50, the average 
value of their splicing losses was 0.08 dB, their 
maximum value was 0.38 dB, and their standard 
deviation was 0.08 dB. It is apparent from Fig. 7 
that the spliced portions for d/D < 1 (hatched 
rectangular regions) are closely associated with 
large splicing losses. 

The relationship between the outer diameter 
ratio and the splicing loss was obtained. Results 
are shown in Fig. 8. The abscissa represents the 
outer diameter ratio d/D, and the ordinate repre- 
sents the splicing loss, thereby representing the 
relationship between the outer diameter ratio and 
the splicing loss. As is apparent from Fig. 8. 
spliced portions for d/D < 1 have large splicing 
losses. It is also found that outer diameter ratio d/D 
must be 1 or more (d/D ^ 1) to obtain a splicing 
loss of 0.3 dB or less. 

According to the method of testing a spliced 
portion of optical fibers of the present invention, 
optical fibers are pushed toward each other by a 
predetermined distance so that the exposed fiber 
portions of the optical fibers abut against each 
other, and a spliced portion is formed. A minimum 
outer diameter value of the spliced portion is mea- 
sured. Ratio d/D of measured minimum outer diam- 
eter value d to outer diameter D of the exposed 



fiber portion is calculated to detect quality of the 
spliced portion. Therefore, the testing procedures 
can be simplified. 

5 

Claims 

1. A method of testing a spliced portion of 
optical fibers, characterized by comprising the 

w steps of: 

aligning in line a pair of optical fibers with a pre- 
determined distance therebetween so that ends of 
exposed fiber portions (I0t, IO2; 112n-112i4. 
1 12 2 i-112 2 4.) of the optical fibers are opposite to 

is each other; 

heating and melting said ends of the exposed fiber 
portions; 

pushing said optical fibers toward each other by a 
predetermined distance so that the melted ends of 
20 the exposed fiber portions abut against each other 
to form a spliced portion (14); 

measuring a minimum value of an outer diameter 
of said spliced portion; and 

calculating a ratio of the measured minimum value 
25 to an outer diameter of the exposed fiber portion of 
the optical fiber. 

2. A method of testing a spliced portion of 
optical fibers, according to claim 1, characterized in 
that said calculating step is carried out to deter- 

30 mine whether d/D S 1 or d/D < 1 . 

3. A method of testing a spliced portion of 
optical fibers, according to claim 1 , characterized in 
that said outer diameter of the exposed fiber por- 
tion (Id, 10 2 ; 112,1-11214, 11221-1 1224.) is mea- 

35 sured before said heating step. 

4. A method of testing a spliced portion of 
optical fibers, according to claim 1 , characterized in 
that said outer diameter of the exposed fiber por- 
tion (10i, 10 2 ; 112n-112i4. ( 112 2 i-1 12 2 4) is mea- 

40 sured during said heating step. 

5. A method of testing a spliced portion of 
optical fibers, according to claim 1 . characterized in 
that said outer diameter of the exposed fiber por- 
tion (10i, 10 2 ; 112m-112ii, 112 2 i-112 2 4) is mea- 

45 sured after said heating step. 

6. A method of testing a spliced portion of 
optical fibers, according to claim 1 , characterized in 
that said optical fiber is a single optical fiber. 

7. A method of testing a spliced portion of 
50 optical fibers, according to claim 1 , characterized in 

that said optical fiber is a ribbon optical fiber. 

8. A method of testing a spliced portion of 
optical fibers, characterized by comprising steps of: 
aligning in line a pair of optical fibers with a pre- 
ss determined distance therebetween so that ends of 

exposed fiber portions (10i, 10 2 ; 112n-112i*, 
112 2 1-11224) of the optical fibers are opposite to 
each other; 
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heating and melting the ends of the exposed fiber 
portions: 

pushing the optical fibers toward each other by a 

predetermined distance so that the melted ends of 

the exposed fiber portions abut against each other 5 

to form a spliced portion (14); 

measuring a minimum value of an outer diameter 

of the spliced portion; and 

calculating a ratio of the measured minimum value 

to an outer diameter of the exposed fiber portion of w 

the optical fiber. 

9. A method of testing a spliced portion of 
optica! fibers, according to claim 8, characterized in 
that said calculating step is carried out to deter- 
mine whether d/D ^ 1 or d/D < 1. 75 

10. A method of testing a spliced portion of 
optical fibers, according to claim 8, characterized in 
that said outer diameter of the exposed fiber por- 
tion no-. 1O2; 112!--112«4. 112 2 '-112 2 4) is mea- 
sured before said heating step. 20 

11. A method of testing a spliced portion of 
optical fibers, according to claim 8, characterized in 
that said outer diameter of the exposed fiber por- 
tion (10-. 10 2 ; 112? --112:4. 112 2 i-112 2 *) is mea- 
sured during said heating step. 25 

12. A method of testing a spliced portion of 
optical fibers, according to claim 8, characterized in 
that said outer diameter of the exposed fiber por- 
tion H0-, 10 2 ; 112---112i4, 112 2 i-112 2 4) is mea- 
sured after said heating step. 30 

13. A method of testing a spliced portion of 
optical fibers, according to claim 8, characterized in 
that said optical fiber is a single optical fiber. 

14. A method of testing a spliced portion of 
optical fibers, according to claim 8, characterized in 35 
that said optical fiber is a ribbon optical fiber. 
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© Method of testing spliced portion of optical fibers. 
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© In a method of testing a spliced portion of ex- 
posed fiber portions (10i) and (IO2) of optical fibers, 
the optical fibers are arranged with each other in line 
so that ends of the exposed fiber portions are 
spaced apart from each other by a predetermined 
distance. The ends of the exposed fiber portions are 
heated and melted by discharge heating. The optical 
fibers are then moved in the abutment or closing 
directions by a predetermined distance, so that the 
ends of the exposed fiber portions abut against each 
other to form a spliced portion. The minimum outer 
diameter value d of the spliced portion is measured. 
Ratio d/D of minimum value d to value D of the outer 
diameter of exposed fiber portion is calculated. 
Spliced portions having splicing defects can be de- 
tected by detecting of spliced portions having ratio 
d/D of less than 1 (d/D < 1). That is, spliced portions 
having ratio d/D of less than 1 (d/D < 1) are re- 
garded as splicing defects. 
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FIG. 3 
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